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On  some  Canadian  Rocks  containing  Scapolite, 
WITH  A  Few  Notes  on  some  Eooks  asso- 
ciated with  the  Apatite  Deposits. 

By  Frank  D.  Adams,  of  the  Canadian  Geological  Survey,  and 
Andrew  C  Lawson,  Ph.  D.,  of  the  Canadian  Geological  Survey. 

At  the  meeting  of  the  British  Association  for  the  Ad- 
vancement of  Science,  held  in  Montreal  in  the  summer  of 
1884,  a  short  paper  entitled  "  On  the  Occurrence  of  the 
Norwegian  *  Apatitbringer '  in  Canada,  with  a  Few  Notes 
on  the  Microscopic  Characters  of  some  Laurentian  Amphi- 
bolites,"  was  read  before  the  Geological  Section  by  Mi*. 
Frank  D.  Adams.  Only  a  short  extract  of  some  dozen 
lines  was  prepared  for  the  Transactions,  as  it  was  proposed 
to  continue  the  investigation  of  these  rocks  and  especially 
to  study  their  geological  relations  in  the  field.  A  thorough 
geological  examination  of  the  district  from  which  these 
rocks  were  obtained  has  not,  however,  been  found  to  be 
practicable,  and  in  the  following  paper  it  is  proposed  to 
give  a  more  detailed  description  of  them,  together  with  the 
results  of  the  examination  of  a  few  others  collected  since 
that  time. 


•  •  • 
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The  peculiar  scapolite  rock,  referred  to  above  as  the 
"  Apatitbringer,''  was  first  mentioned  by  Brogger  and 
Eeusch  in  a  paper  entitled  "Vorkommen  des  Apatit  in 
Norwegen." '  In  this  paper,  the  authors  state  that  at 
Oedegarden  in  Bamle  (Southern  Norway),  where  the 
largest  apatite  deposits  of  that  country  are  found, — some 
idea  of  the  extent  of  these  deposits  may  be  obtained  from 
the  fact  that  in  1882,  at  Oedegarden  alone,  15,000  tons  of 
apatite  were  mined,  between  TOO  and  800  men  being  em- 
ployed— the  mineral  occurs  in,  or  in  the  immediate  vicinity 
of,  a  rock  described  by  them  as  "  Geflecter  Gabbro."  This 
rock,  however,  differed  from  gabbro,  as  that  word  is  gene- 
rally understood,  as  it  was  stated  to  be  composed  essen- 
tially of  amphibole  and  labradorite,  and  it  has  been  shown 
to  be  a  peculiar  form  assumed  by  the  normal  gabbro  of  the 
country  on  aj^proaching  the  apatite  veins.  Eeferring  to 
this  work,  Kjerulf,  in  his  "  Geologic  des  siidlichen  und 
mittleren  Norwegen,"  after  mentioning  one  variety  of  gab- 
bro as  an  "  Erzbringer,"  says  : — "  Der  bunte  oder  Horn- 
blende Gabbro wegen  seiner  EoUe  als  *  Apatitbringer  ' 

gekannt  zu  sein  verdient."  It  was  also  described  as  Horn- 
blende Gabbro  in  a  paper  by  H.  Mohl.'*  Michel  L^vy, '  who 
subsequently  examined  the  work,  showed  that,  as  conjec- 
tured by  Lang,^  the  white  mineral  was  really  not  plagio- 
clase,  but  a  mineral  of  the  scapolite  family,  which  he  referred 
to  the  species  wernerite.     Sjogren,''  who  has  more  recently 

>  Zeit.  d.  deutsch.  geoL,  Gesellsch,  1875,  Heft  III. 

^  Die  Eruptivgesteine  Norwegens,  mikroskopisch  untersucht 
undbeschrieben.  NytmagazinforNaturwidenskabeme.  Bd.  XXIII. 

^  Sur  une  roche  &  sphene,  amphibole  et  wernerite  granulitique 
de  Bamle  (Norwege).    Bull.  Soc.  Min.  France.    No.  3.    1878. 

Sur  le  gisement  de  I'amphibolite  k  wernerite  granulitique 
d'Oedegaard  pres  Bamle  (Norw6ge).  Bull.  Soc.  Min.  France.  No. 
5.    1878. 

*  E'in  Beitag  zur  Kenutniss  norweeischer  Gabbros,  Z  D.  G.  G. 
1879.    XXXI.    484. 

*  Om  de  norska  apatitforekomsterna,  etc  Geol.  Foren  i,  Stock. 
Forh.    1883.    447. 
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carefully  examined  the  rock,  refers  the  mineral  to  the  spe- 
cies dipyr,  calling  the  rock  a  dipyr  diorite. 

It  is  believed  by  those  who  have  studied  the  rock  and  its 
relations  in  the  field,  to  be  derived  from  the  alteration  of 
the  true  gabbro  adjoining  it,  the  pyroxene  of  the  gabbro 
being  altered  to  hornblende  and  the  plagioclase  of  the  gab- 
bro to  scapolite.  The  change  would  be  essentially  one  of 
diagenesis.  Intermediate  varieties  are  found  containing 
diallage  "  rests  "  in  the  hornblende  and  plagioclase  mixed 
with  scapolite.'  In  this  connection,  an  observation  made 
by  Fouqu^  and  Michel  L^vy^  is  especially  interesting, 
namely,  that  when  the  rock  is  fused  and  allowed  to  cool, 
the  magma  recrystallizes  as  a  mixture  of  labradorite  and 
angite. 

The  occurrence  of  scapolite  in  certain  of  the  crystalline 
schists,  especially  augite  gneiss  and  amphibolite,  has  been 
mentioned  by  Tornebohm ',  Dathe^,  Becke'*,  Wulf,"  Miigge,' 
Svedmark,*^  and  others.  The  last-named  author,  in  addition 
to  a  number  of  scapolite-bearing  gneisses  and  amphibolites, 
describes  an  amphibolite  fi'om  Orebro  which  contains  sca- 
polite to  the  exclusion  of  plagioclase,  and  which  also  holds 
a  little  diallage  and  mica.  In  composition,  therefore,  it 
would  be  closely  allied  to  the  Oedegarden  rock. 

Lacroix  and  Baret'  have  also  recently  described  a  pyrox- 
ene wernerite  rock  which  occurs  associated  with  gneiss 

*  See  Sjogren,  loc.  cit.,  and  Rosenbusch,  Mass.  Gest  I.,  165. 

^  Sur  la  transformation  par  vole  ign€e,  etc.  Bull.  Soc.  Min. 
France.    1879.    105. 

"  Ett  par  Skapolitfbrande  Bergarter.  Geol.  Foren.  1.  Stock.  Forh. 
1882.    VL    192. 

*  Jahr.  preuss.  geol.  Landesanstalt.    1884.    LXXVI. 

*  Die  Gneissformation  des  niederosterr.  Waldviertels.  T.  M.  P.  M. 
1882.    369. 

®  Beitrag  zur  Petrographic  des  Hererolandes  in  Siidwest- Africa, 
T.  M.  P.  M.    1887.    213. 

'  Ueber  einige  Gesteine  des  Massai-Landes.  N.  J.  Bell.  Band. 
IV.    Heft  III. 

^  Om  nagra  Svenska  Skapolitforande' bergarter.  Geol.  Foren.  1. 
Stock.  Forh.  VII.    1884.    293. 
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and  amphibolite  at  Point-du-Jour,  near  St.  Nazairo,  in 
France.  In  this  rock  the  pyroxene  is  associated  with,  and 
sometimes  complete!;'  replaced  by,  a  very  pleochroic  am- 
phibole,  and  in  some  specimens  the  wernerite  is  associated 
with  oligoclase,  the  rock  thus  passing  into  a  wernerite 
oligoclase  amphibolite. 

A  most  interesting  paper  in  this  connection  and  one 
which  will  be  referred  to  again,  was  published  by  Dr.  A.  P. 
Coleman  in  the  Transactions  of  the  Eoyal  Society  of  Canada 
for  1887.'' 

As  Canada  is  the  only  country,  except  Norway,  in  which 
apatite  is  extensively  mined,  and  as  in  most  respects  the 
character  and  mode  of  occurrence  of  the  mineral  in  both 
countries  are  very  similar,  a  corresponding  relation  to 
dipyrdiorite  might  be  looked  for.  In  Canada,  however,  as 
pointed  out  by  Dr.  Hai'rington  in  his  excellent  "  Report  on 
the  Minerals  of  some  of  the  Apatite-bearing  Veins  of 
Ottawa  County,  Que.',''  this  relation  does  not  exist,  the 
important  deposits  of  apatite  occurring  associated  with  a 
granular  pyroxene  rock,  which  is  always  regarded  by  pros- 
pectors as  indicative  of  the  presence  of  ap£",tite,  and  occupies, 
in  that  way,  to  a  certain  extent,  the  position  of  the  "  Apa- 
titbringer  "  in  Norway.  "  These"  pyroxene  rocks,  which 
have  been  called  by  Hunt  pyroxenites,  vary  considerably 
in  their  characters.  Sometimes  they  consist  almost  exclu- 
sively of  pyroxene,  though  more  commonly  quartz  and 
orthoclase  are  present.  Mica,  too,  is  of  frequent  occur- 
rence, while  minute  garnets  may  occasionally  be  seen. 
The  frequent  presence  of  disseminated  grains  of  apatite 
is  also  an  important  fact.  When  pyroxene  is  the  principal 
mineral,  the  rock  commonly  shows  little  or  no  trace  of 

^  Lacroix  et  Baret. — Sur  la  pyrox^nite  k  wernerite  du  Point-du- 
Jour  pr6s  Saint-Nazaire-    Bull.  See.  Min.  France,  July,  1887. 

Lacroix,  A. — Note  sur  une  roche  ^  wernerite  granulitique  des 
environs  de  Saint-Nazaire.    C.  R.    CIV.    1011. 

^  Microscopic  Petrography  of  the  Drift  of  Central  Ontario. 

'  Reports  of  Progress  of  the  Geological  Survey  of  Canada,  1877-8. 

'  Ibid. 
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bedding,  but  is  often  a  good  deal  jointed.  Its  aspect,  when 
the  pyroxene  is  of  a  dark  colour,  is  often  that  of  a  massive 
eruptive  rock."  It  is  very  intimately  associated  with  the 
apatite,  in  some  places  apparently  passing  imperceptibly 
into  it. 

In  order  to  ascertain  whether  these  pyroxenitos  con- 
tained any  scapolite,  two  specimens — one  from  lots  35  and 
36,  range  V.  of  Portland  West,  and  the  other  from  the  well- 
known  McLaurin  Mine  in  Templeton — were  sliced  and 
examined  microscopically.  They  are  both  rather  coarse- 
grained, that  from  Portland  being  of  a  light  gi-eyish  colour 
and  holding  a  little  disseminated  apatite,  sphene  and  pyi- 
ite,  while  the  Templeton  rock  is  light  green  in  colour,  and 
in  certain  places  contains  a  good  deal  of  biotite.  Neither 
of  them  contained  any  scapolite,  nor  could  any  be  found  in 
the  wall  rock  of  the  Emerald  Mine  in  the  township  of 
Buckingham. 

Mr.  Coste,  Mining  Engineer  to  the  Geological  Survey  of 
Canada,  who  has  had  occasion  to  visit  a  number  of  the  apatite 
mines,  considers  that  the  apatite  occurs  in  the  form  of  more  or 
less  irregular  veins,  the  above  mentioned  pyroxene  rocks 
occupying  the  position  of  vein  stones.  He  also  believes  that 
these  veins  of  apatite  and  pyroxenite  are  found  almost  invari- 
ably in  connection  with  a  certain  eruptive  rock,  which  varies 
much  in  texture  nt  is  generally  rathor  coarse-grained,  and 
which  is  composed  argely  of  orthoclase  generally  having  a 
bluish  or  lilac  tint.  Two  specimens  of  this  rock,  collected 
by  Mr.  Coste, — one  from  the  "  Star  Hill  Mine,"  range 
VIIL,  Portland  West,  in  the  Province  of  Quebec,  and  the 
other  from  the  "  Blessington  Mine,"  lots  29  and  30,  range 
I.,  Tnchlnbiooke,  in  the  Province  of  Ontario, — were  also 
sliced  and  examined.  The  two  rocks  resemble  one  another 
in  appearance,  that  from  the  •'  Blessington  Mine,"  however, 
being  somewhat  darker  in  colour. 

Under  the  microscope,  the  "Star  Hill"  rock  is  seen  to 
be  composed  essentially  of  orthoclase  and  biotite,  with  very 
small  amounts  of  magnetite  and  pyrite.  The  orthoclase  is 
almost  always  clear  and  fresh;    the  biotite  is  also  very 
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ft'osh,  although  in  jjlacos  it  m  Hli^htly  decomposed  to  chlor- 
ite. The  rangnotito  iw  probably  titanifoious,  as  occasion- 
ally it  is  altered  1o  leucoxeno.  Another  hand  specimen  of 
the  same  rock  was  found  to  contain,  in  addition  to  the 
minerals  mentioned  above,  a  little  ([uartz  and  a  little  plr 
gioclaso,  and  the  orthoclase  contained  the  peculiar  inter- 
growths  characteristic  of  perthite.  This  spocinion  had  a 
very  obscure  foliation,  and  the  quai'tz  and  orthoclase 
showed  evidence  of  having  been  submitted  to  pressure.  It 
also  contained  a  few  forms  of  some  mineral  which  had  been 
entirely  decomposed,  but  which  may  have  been  pyroxene. 

The  rock  from  the  "  Blcssington  Mine "  is  composed 
essentially  of  orthoclase,  biotite,  pyroxene  and  magnetite, 
with  a  little  plagioclase,  hornblende,  pyrite,  calcite  and 
apatite.  The  orthoclase  contains  a  multitude  of  minute, 
black,  rod-like  inclusions  and  tine  dust.  The  pyroxene 
occurs  in  large  amount,  and  is  more  plentiful  than  the 
biotite.  It  is  pale  green  in  colour,  with  scarcely  notice- 
able pleochroism  and  large  angle  of  extinction.  It  is  gene- 
rally without  good  crystalline  form,  but  occasionally  occurs 
in  rude  crystals.  It  is  also  occasionally  twinned.  The 
hornblende  occurs  in  very  small  amount — intergrown  with 
the  pyroxene  and  biotite.  The  calcite  is  present  in  small 
amount,  and  results  from  the  decomposition  of  the  pyrox- 
ene and  feldspar.  Tlie  magnetite  may  be  titaniferous. 
The  apatite  is  uniaxial  and  negative,  and  occurs  in  irregu- 
lar shaped  grains,  with  high  index  of  retraction  and  faint 
bluish  colour,  generally  associated  with  the  pyroxene. 

The  rock  from  the  "  Star  Hill  Mine  "  is  therefore  a  mica 
syenite,  and  that  from  the  "  Blessington  Mine"  an  augite 
mica  syenite.  It  will  be  a  matter  of  interest  to  ascei'tain 
whether  these  rocks  occupy  a  similar  relation  to  the  apatite 
at  the  other  mines.  A  monograph  of  the  apatite  district 
of  the  Province  of  Quebec,  which  is  now  being  prepared 
by  Mr.  Ingall  of  the  Geological  Survey,  wilU  decide  this 
and  many  other  important  points. 

Among  a  series  of  specimens  from  the  vicinity  of  the  town 
of  Arnprior,  on  the  Eiver  Ottawa,  which  were  some  time 
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ago,  Hent  to  Mr.  IlotVmunn  of  thi«  Sm-voy  for  oxaminniion, 
thoro  was,  howovor,  one  Hmall  spocimen  which  exactly 
I'oscmbled  the  Oodogardori  rock,  and  which,  when  sliced 
and  cxaniinod  with  the  microsoopo,  proved  to  bo  identical 
with  it.  Unfortunately,  we  were  unable  to  obtain  any 
further  sijoclmons  or  to  ascei'tain  the  locality  from  which  it 
came  more  precisely  than  that,  as  above  mentioned,  it  was 
from  neai"  the  town  of  Arnprior.  The  large  collection  of 
rockw  in  the  muHoum  of  the  Geological  Survey  of  Canada 
wan  then  carefully  examined,  and  sections  wore  prepared 
of  all  those  which  at  ail  resembled  this  rock  in  appearance. 
An  examination  of  these  sections  resulted  in  the  discovery 
of  three  other  specimens,  fi-om  widely  separated  localities, 
rich  in  scapolite,  but  unlike  the  Arnprior  rock,  containing 
also  a  considerable  proportion  of  plagioclase. 

The  tii'st  of  these  specimens  was  collected  by  the  late  Mr. 
Vennor  at  Mazinaw  Lake,  in  the  township  of  Abinger,  in 
the  county  ol"  Addington ;  the  second  was  obtained  by  Mr. 
Coste  at  the  Eobertsville  or  Mississippi  Iron  Mine,  on  lot  3, 
range  VIII.  of  the  township  of  Palmerstone,  in  the  county 
of  Frontepac,  and  the  third  was  collected  by  Dr.  Bell  from 
lot  28,  range  I.  of  McDougall,  in  the  Pariy  Sound  district. 
All  three  rocks  are  of  Laurentian  age,  and  come  from  that 
great  stretch  of  Laurentian  country  lying  north  of  Lake 
Ontario  and  south  of  of  Lake  Nipissing  and  the  Biver 
Ottawa.  The  eastern  half  of  this  area  was  examined  by 
Mr.  Vennor,  and  found  by  him  to  be  rich  in  amphibolites, 
dioritic  schists  and  dioritcs;  a  very  common,  coarse-grained 
variety  of  the  latter  being  called  by  him  "  blotched  diorite," 
and  it  is  associated  with  these  dioritic  rocks,  whose  occur- 
rence at  Mazinaw  Lake  is  mentioned  by  Mr.  Vennor,  that 
the  Arnprior  and  Mazinaw  Lake  rocks  apparently  occui*. 
The  rock  from  the  Eobertsville  Mine  is  found  associated 
with  crystalline  limestone  and  granite.  In  some  places  it 
forms  the  wall  rock  of  the  magnetite,  between  50,000  and 
60,000  tons  of  which  have  been  mined.  The  mode  of  occur- 
rence of  the  McDougall  rock  is  described  by  Dr.  Bell  in  the 
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following  extractH  from  his  report  on  the  country  north  of 
Lake  Huron  and  oast  of  Lako  Superior.' 

**  KaHtward  of  the  village  of  Parry  Sound,  along  the  road 
of  the  name  name,  dark,  hornblondic  i^neiss  or  schist  pre- 
vails for  a  distance  of  about  a  mile  and  a  half.  A  band  of 
crystalline  limestone,  and  one  of  mottled  white  and  black 
diorite,  occur  in  association  with  these  rocks  where  this  road 
crosses  lot  28,  concession  I.,  township  of  McDougall."  "  The 
rook  which  is  here  immediately  associated  with  the  lime- 
stone is  a  remarkable  looking  diorite,  consisting  of  a  white 
ground,  thickly  mottled  with  patches  of  dark-green  or 
blackish  hornblende,  having  their  longer  diameters  arranged 
parallel  to  the  general  bedding.  This  appears  to  be  the 
rock  which  Mr.  Vennor  has  described  in  the  Hastings, 
Liinark  and  Renfrew  region,  under  the  name  of  *  blotched 
diorite."  The  rock  from  near  Arnprior  is  rather  coarse- 
grained, and  with  the  naked  eye  is  seen  to  consist  of  white 
of  bluish-white  scapolite,  with  a  rather  larger  amount  of 
what  looks  like  a  dark  greenish  hornblende.  In  appear- 
ance, the  scapolite  closely  resembles  that  occurring  in  the 
Norwegian  rock,  which  has  been  aptly  compared  by  Briigger 
to  wet  snow.  The  rock  appears  to  have  an  indistinct  folia- 
tion, but  the  8i>ecimen  sent  was  too  small  to  show  its  struc- 
ture distinctly.  When  thin  sections  are  examined  with  the 
microscope,  the  rock  is  seen  to  be  fresh  and  almost  entirely 
free  from  decomposition  products.  The  structure  is  for 
the  most  part  granular,  none  of  the  minerals  being  idio- 
morphic.-  The  principal  constituents  are  found  to  be 
pyroxene,  hornblende  and  scapolite ;  and  the  accessory 
ones  epidote,  enstatite,  pynhotite  and  rutile. 

The  pyroxene  is  very  light  in  colour  and  faintly  pleo- 
chroic.  ^::=yollowish;  ^^greenish;  (!r=light  green.  The 
absorption  is  (fl)  >  ^i  >  ^.  Basal  sections  show  well-marked 
prismatic  cleavages  intersecting  at  an  angle  of  about  90° ; 

'  Reports  of  Progress  of  Geological  Survey  of  Canada,  1876-77, 
pp.  199  and  204. 

Rosenbusch. — Mikroskopische    Physiographie    der  massigen 
Gersteine.    Band  II.    i.  Abtheilung,— 1886. 


^iaAife£i.K£;iaai-^^.^.5*t^ . 


Some  Canadian  Rocks  containing  Scapolite.       198 

wliilu  in  HO(^tionH  pandlol  to  tho  clinopinniicoid,  Lho  oxtinc- 
tioii  iH  Huoti  lo  lio  lilmiit  3!)'^  or  40"^  uguiiHl  C.     Mtmt  of  tho 
pyroxoMo   hiiH  ii  pcculinr,  tihiuuH  or  mottled    upputimnco, 
duo  to  wimt  is  ap|)!iruiitly  \U  piirtial  alteration  into  a  light 
gt'cun   pluocht'oic  hortdjiendo.     TIum  liurnblondo  m  darker 
in  colour  and  generally  liaH  a  Hhred-liko  eharactor  at  itH 
contaet  with   the  pyroxene,  the  two    minoralH,    however, 
often  having  a  Nharp  lino  of  contact,  which  in  i\\M  como  is 
UMually  a  cleavage  trace.    The  variouH  patchoH,  streakH  or 
Hhrodw  of  hoi-nblondc  Hcattored  through  an  individual    of 
pyroxene  generally  have  a  common  orientation,  presenting 
elongated  formw  in  prinmatic  HoctioiiH  of  the  pyroxene,  but 
on  banal  Hoctions  generally  appearing  as  irregular  spots, 
the  hornblende  ntrings  being  inlaid  parallel  to  the  C  axis  of 
the  pyroxene,  and  Homotimen  also  elongated   parallel    to 
00  P  00,  both  minerals  having  the  H  axis  in  common. 

In  addition  to  the  hornblende  associated  with  the  pyrox- 
ene, tho  rock  contains  other  hornblende  which  shows  no 
ovidenco  of  derivation  from  pyroxene.  This  is  of  a  deep 
greon  colour,  has  the  usual  perfect  cleavages,  and  occurs 
scattered  thi-ough  the  rock  in  irregular  shaped  masses, 
which  however  occasionally  have  well  defined  prismatic 
contours.  The  pleochroism  is  strongly  maiked  (!i;=dark 
bluish-green  ;  ^=dark  green  ;  ^=light  yellowish  or  brown- 
ish-green. 

The  scapolite  is  abundant,  and  occurs  in  large,  colour- 
less grains.     In  basal  sections  a    very    distinct   uniaxial 
figure  was   repeatedly   obtained,   and    by  means    of   the 
(juarter-undulation  plato  its  negative  character  was  clearly 
established.     The  quadratic  cleavage  parallel  to  x  Poo  is 
distinct.     Tho  polarization  colours  are  either  brilliant  or 
are  of  a  pale  bluish-gray  tint  like  those  of  tho  feldspars. 
The  brilliantly  polarizing  scapolite  occurs  side  by  side  with 
that  which  shows  the  soft  gray  tints,  so  that  the  difference 
does  not  seem  to  be  due  to  a  varying  thickness  of  the  sec- 
tion.    In  two  instances,  traces  of  polysynthetic  lamellfo 
wore  observed,  in  which  the  extinction,  though  much  less 
distinct  than  in  plagioclase,  resembled  it  otherwise  very 
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strongly.  The  appearance  was  veiy  suggestive  of  the  deri- 
vation of  the  scapolito  from  plagioclase,  and  if  this  be  the 
case  the  twinning  structure  of  the  latter  is  retained  after 
the  mineral  has  apparently  been  entirely  changed  to  sea- 
polite.  Probably,  however,  in  these  cases  the  change  may 
not  bo  complete,  and  although  the  mineral  has  the  charac. 
ters  of  scapolite,  there  may  be  sufficient  plagioclase  remain- 
ing in  twinning  position  to  cause  the  alternate  oblique 
extinction  observed.  There  are  in  the  scapolite,  inclusions 
of  a  dusty,  opaque  character,  besides  fluid  inclusions  and 
microlites.  The  dust  and  fluid  exclusions  ai*e  disposed 
either  in  planes  or  irregularly;  in  the  latter  case,  the 
section  may  be  reall}-  parallel  to  the  planes  in  which  the 
inclusions  lie.  The  microlites  lie  for  the  most  part  in 
cleavage  lines,  and  have  their  long  axes  either  perpen- 
dicular or  oblique  to  certain  planes  (sometimes  cracks) 
which  cross  the  cleavages.  In  some  instances,  numerous 
opaque,  thick  plates  and  stout  rods  were  observed  lying 
parallel  to  the  cleavage  lines.  When  seen  on  edge,  these 
plates  and  rods  had  rectangular  outlines,  although  rounded 
patches  of  the  same  opaque  material  could  sometimes  be 
seen.  Occasionally  the  scapolito  is  somewhat  cloudy, 
owing  to  the  presence  of  a  kaolin-like  decomposition  pro- 
duct, but  generally  it  is  quite  fresh  and  cleai*.  The  epidote 
occui's  in  small,  nearly  colourless  grains  of  irregular  shape. 
Scattered  through  both  the  hornblende  and  the  pyroxene, 
and  occasionally  to  be  observed  in  larger  grains  situated 
between  those  of  the  other  constituents,  there  are  irregu- 
larly rounded  or  oval  grains  of  a  mineral  which  is  referred 
to  the  rhombic  pyroxenes.  It  is  biaxial,  possesses  a  rather 
high  index  of  retraction,  and  polarizes  in  brilliant  though 
somewhat  subdued  tints.  It  has  one  well-marked  cleavage 
to  which  the  extinction  is  parallel,  and  has  a  tine,  fibrous 
structure,  also  parallel  to  the  cleavage,  which  seems  to  be 
due  to  decomposition.  The  mineral  is  not  quite  colourless, 
but  has  a  faint  purplish  or  amythestine  tint,  and  occasion- 
ally seems  to  be  slightly  pleochroic.  Pyrrhotito  occurs  very 
sparingly,  and  is  distinguished  by  its  opacity  and  its  bronze 
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colour  in  reflected  lii^ht.  In  one  instance  it  was  seen  to  be 
included  in  the  scapolite,  which  was  stained  yellowish- 
green  in  the  vicinity  of  the  grain.  Other  grains  occur 
bedded  in  the  hornblende.  Rutile  occurs  in  occasional 
grains,  i-ather  large  in  size  and  irregular  in  shape,  but  has 
not  been  observed  in  its  usual  prismatic  habit.  It  has  a 
high  index  of  retraction  and  a  faint  brownish  or  reddish 
colour,  and  resembles  titanite  very  much  both  in  ordinary 
light  and  between  crossed  Nichols.  In  convergent  light, 
however,  it  gives  a  distinct  uniaxial  intei-ference  tigure,  and 
there  are  traces  of  a  quadratic  cleavage.  It  polarizes  in  dull, 
leaden-gray  tints.  In  two  instances  these  grains  of  rutile 
were  seen  to  be  made  up  of  lamella),  as  if  polysynthetically 
twinned.  There  was,  however,  no  alternation  of  extinc- 
tion corresponding  to  the  alternate  lamellu\  In  a  certain 
position  between  crossed  Nichols,  the  section  was  broken 
up  into  these  lamelhu,  which  were  alternately  light  and 
dark.  On  revolving  the  stage  through  90°,  the  same 
appearance  is  produced,  i.e.,  the  same  lamellse  are  light 
and  dark  as  before,  and  there  is  no  position  in  which  the 
light  lamella)  become  dark  and  the  dark  lamellae  light.  In 
one  of  those  two  instances,  the  polyxenthetic  lamelUe 
appeared  to  cross  each  other,  the  angle  between  the  two 
sets  being,  as  nearly  as  could  be  measured,  53°.  The  rutile 
is  associated  with  the  scapolite,  and  in  the  last-mentioned 
case,  where  the  grain  has  a  diameter  of  1*4  mm.,  it  is 
entirely  surrounded  by  scapolite.  In  this  case  the  glass 
cover  having  been  removed,  the  section  was  treated  with 
hydrochloric  acid,  the  mineral,  however,  was  quite  unacted 
upon.  Following  Sjogren,  the  rock  may  be  termed  a 
Scapolite  Diorite. 

The  rock  from  Mazinaw  Lake  [Museum  Number  2930] 
is  rather  coarse-grained  and  distinctly  foliated.  The  prin- 
cipal constituents  are  hornblende,  biotite,  scapolite,  plagio- 
clase  and,  in  smaller  amount,  quartz.  The  accessory  mine- 
rals are  epidotc,  ziosite  and  titanite.  Pyroxene  does  not 
occur  in  any  of  the  slides.  In  nearly  all  the  sections  the 
rock  is  seen  to  be  made  up  of  two  parts :  (1)  a  fine-grained, 
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granulitic  "  groundmass"  composed  chiefly  of  feldspar 
with  some  quartz,  biotiteand  hornblende ;  and  (2)  a  coarser 
gi'ained  portion  imbedded  in  this  "gronndmasH,"  but  not 
having  any  definite  crystalline  boundaries.  The  minerals 
composing  this  coarser  grained  portion  are  scapolite,  pla- 
giodase,  biotite,  hornblende,  and  occasionally  quartz.  A 
gradation  between  the  "  groundmass "  and  the  coarser 
constituents  can  generally  be  observed,  and  in  some  few 
nstances  there  appears  to  bo  evidence  that  the  former  was 
derived  from  the  latter,  particularly  from  the  plagioclase, 
by  crushing,  the  structure  being  cataclastic.  In  this  con- 
nection, the  absence  of  pyroxene  is  noteworthy.  The  sca- 
polite is  generally  coarsely  crystalline,  and  present  in  large 
amount.  Only  occasionally  is  it  sparing  in  quantity  or 
finely  crystalline.  Very  commonly  it  occurs  in  large 
plates  of  uniform  orientation,  in  which  more  or  less  elon- 
gated individuals  of  hornblende  or  biotite  lie  irregularly 
imbedded,  the  structure  being  quite  analogous  in  appear- 
ance to  the  ophitic  structure  seen  in  diabases.  In  one 
case,  a  large  plate  of  scapolite  was  observed  to  inclose  an 
irregular  grain  of  plagioclase,  the  latter  being  somewhat 
decomposed.  The  scapolite  usually  occurs  side  by  side 
with  plagioclase  or  with  plagioclase  and  quartz,  all  being 
in  very  irregular  shaped  grains,  evidently  allotriomorphic. 
The  line  of  contact  between  the  plagioclase  and  scapolite  is 
quite  sharp,  and  generally  there  is  but  little  evidence  of  the 
derivation  of  the  latter  from  the  former.  Associated  with 
the  scapolite,  there  is  often  a  fine-grained  aggregate  of  gray 
decomposition  products,  which  shows  aggregate  polariza- 
tion in  brilliant  but  subdued  colours,  and  which  probably 
consists  of  muscovite,  calcite,  etc. 

Hornblende  and  biotite  are  well  represented  in  all  the 
sections,  the  former  being  rather  more  abundant  than  the 
latter.  The  hornblende  is  of  a  deep  green  colour,  strongly 
pleochroic,  and  contains  numerous  inclusions.  The  biotite 
is  of  the  usual  brown  colour,  and  some  grains  contain  inclu- 
sions, in  the  shape  of  films  running  in  between  the  cleavage 
lamella),  of  a  mineral  which  between  crossed  Nichols  resem- 
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bles  scapolite,  but  which  are  so  minute  that  their  character 
cannot  be  detei-rained  with  certainty.  The  plagioclase  is 
usually  quite  fresh  and  clear.  In  the  "groundmans,"  the 
feldspars  are  only  twinned  occasionally  and  can  be  distin. 
guished  from  the  quartz  only  by  means  of  the  interference 
figure  in  convergent  polarized  light. 

The  most  striking  of  the  accessory  minerals,  and  at  the 
same  time  the  only  constantly  idiomorphic  constituent  of 
the  rock,  is  the  epidote.  It  occurs  in  elongated  prisms  of 
rhombic  cross-section,  which  vary  much  in  width,  in 
some  cases  foi*ming  slender  needles,  but  elsewhere  being  of 
stout  columnar  habit.  The  crystals  are  colourless,  but 
between  crossed  Nichols,  polarize  in  the  usual  brilliant 
manner.  The  extinction  is  parallel  to  the  side  of  the 
prism  that  is  to  the  axis,  and  in  cross-sections  is  oblique  to 
both  of  the  crystallographic  lines.  The  plane  of  the  optic 
axes  may  readily  be  determined  to  be  perpendicular  to  B. 
The  index  of  retraction  is  high,  the  prisms  standing  out  in 
marked  relief,  and  irregular  ti-ansverse  partings  can  occa- 
sionally bo  observed.  In  one  section  a  large  plate  of  zoisite 
was  observed.  It  was  oblong  in  shape,  showed  a  perfect 
cleavage  parallel  to  its  length  (oo  P  o5),  and  a  distinct  cross 
parting.  The  plane  of  the  optic  axes  was  found  to  be  at 
right  angles  to  the  C  axis.  The  mineral  is  colourless,  and 
shows  dull  gray  to  deep  blue  polarization  colours.  Titanite 
is  rare,  and  occurs  in  small,  rudely  wedge-shaped  grains. 
The  rock  may  be  called  a  Flagiodase  Scapolite  Amphiholite. 

The  rock  from  McDougall  [Museum  Number,  2996,]  is 
coarse-grained,  and  possesses  a  rather  indistinct  foliation. 
Under  the  microscope,  it  is  seen  to  be  a  granular  aggregate 
of  plagioclase,  scapolite  and  green  hornblende,  with  a  sparing 
amount  of  pyroxene  and  quartz  and  a  little  accessory  epidote 
and  pyrite.  The  plagioclase  is  for  the  most  part  fresh,  though 
occasionally  a  little  cloudy,  and  by  moans  of  L^vy  and  Pum- 
pelly's  method  was  found  to  belong  to  the  anorthite-labra. 
dorite  end  of  the  plagioclase  series.  The  plagioclase  and 
hornblende  are  present  in  about  equal  proportions.  The  sca- 
polite is  less  abundant,  and  occurs  in  large,  irregular-shaped 
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plates,  usually  somewhat  cloudy  from  the  presence  of  decom- 
position products.  The  pyroxene  is  present  in  rather  sparing 
amount,  and  is  not  seen  in  every  slide.  It  is  pale  green  in 
colour  and  without  noticeable  pleochroism,  and  is  inti- 
mately associated  wtth  the  hornblende, ,  being  in  many 
cases  apparently  in  process  of  alteration  into  that  mineral, 
as  in  the  case  of  the  Arnprior  rock.  It  may,  perhaps,  best 
be  termed  a  Plagioclase  Scapolite  Diorite. 

The  rock  from  the  Eobertsville  Mine  is  rather  coarse- 
grained, and  in  external  appearance  bears  a  strong  resem- 
blance to  that   from   McDougall,   but   possesses  a  more 
distinct  foliation.     Under  the  microscope  it  is  seen  to  be 
composed  of  scapolite,  plagioclase  and   hornblende,  with 
accessory  biotite  and  epidote.     The  scapolite  is  present  in 
large  amount,  and  is  generally  very  free  from  decomposi- 
tion products.     It  usually  occurs   in  rather   large  plates, 
which  polarize  in  brilliant  colours.     The  cleavage   with 
extinction  parallel  to  it  is  well  seen,  and  in  sections  paral- 
lel to  the  base  the  mineral  is  found  to  be  uniaxial  and 
negative.     The  plagioclase,  which  is  also  present  in  large 
amount,  polarizes  in  much  more  subdued  tones.     Polysyn- 
theti  twinning  is  seen  in  many,  but  not  in  all  cases.     It  is 
often  rendered  cloudy  by  the  presence  of  decomposition 
products,  which  resemble  kaolin  in  appearance,  and  as  a 
general  rule  is  not  so  fresh  as  the  scapolite  which  occurs 
side  by  side  with  it.     The  hornblende,  which  is  light  green 
in   colour,  is  without  good  crj'^stalline   form,    but  is   not 
fibrous  in  character.     It  is  strongly  pleochroic,  in  yellow- 
ish and  bluish-green  tints.     The  biotite  occurs  in  very  small 
amount,   intimately  associated   with   the  hornblende  and 
partly  altered  to  chlorite.     Scattered  through  the  plagio 
clase,  and  less  frequently  also  in  the  scapolite,  are  many 
small,  stout  prisms  and   irregulai*  grains  of  a    colourless 
mineral,  with  high  index  of  retraction,  and  which  polarizes 
in  brilliant  colours.     Occasionally  these    are    pleochroic, 
with  the  yellowish  tint  characteristic  of  epidote,  and  have 
been  referred  to  that  species.    The  rock,  which  under  the 
microscope  resembles  one  of  the  ciystalline  schists,  may  be 
termed  a  Plagioclase  Scapolite  Amphibolite. 
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Although  these  scapolite  rocks  have  been  ascertained  to 
exist  at  only  four  localities,  they  probably  occur  abun- 
dantly in  various  parts  of  the  district  from  which  these 
were  obtained,  and  it  is  very  interesting  to  note  that  in  his 
study  of  the  Petrography  of  the  Drift  of  Central  Ontario, — 
his  materials  being  collected  principally  about  Cobourg, 
situated  about  the  middle  of  the  southern  limit  of  this  same 
district, — Dr.  Coleman  found  several  specimens  of  "  scapo- 
lite-diorite  schist,"  which,  judging  from  his  description, 
must  be  identical  in  character  with  the  rocks  described  in 
this  paper. 

Although  the  derivation  of  at  least  a  part  of  the  horn- 
blende of  these  rocks  from  pyroxene  is  well  nigh  certain, 
the  derivation  of  the  scapolite  from  plagioclase,  which,  as 
before  stated,  has  been  pretty  clearly  proved  in  the  case  of 
the  Norwegian  rock,  is  not  so  evident  in  these  similar 
rocks  from  Canada.  There  is  certainly  nothing  in  the  sec- 
tions fatal  to  this  supposition,  and  several  facts  mentioned 
in  this  description  of  the  slides  seem  to  give  some  support 
to  it.  A  much  more  exhaustive  study  of  the  rocks  in  their 
relations  to  the  pyroxenic  and  dioritic  rocks  of  the  district 
would,  however,  be  required  to  decide  the  question,  and 
such  an  investigation  would  probably  throw  additional 
light  on  the  curious  paramorphism  which  the  constituents 
of  some  rocks  undergo,  apparently  under  changed  condi- 
tions of  pressure.  Fouqu^'s  experiment,  referred  to 
above,  on  the  minerals  resulting  from  prism  of  the  Norwe- 
gian rock,  is  of  especial  interest  in  this  connection,  as 
tending  to  show  that  hornblende  and  scapolite  are  not 
stable  forms  at  high  temperatures,  at  least  under  the  ordi- 
nary pressure.  The  whole  question  is  one  of  much  interest, 
and  one  which,  of  late,  has  attracted  a  good  deal  of  atten- 
tion.* 

As  mentioned  above,  the  rocks  from  McDougall  and 
Palmerstone  occur  associated  with  crystalline  limestones 

*  See  Williams  on  The  Gabbros  and  Associated  Hornblende 
Rocks  occurring  in  the  neighbourhood  of  Baltimore,  Md.,  p.  49. 
Bull.  U.  S.  Geological  Survey,  No.  28. 
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of  the  Lauren  lian  System.  There  are,  however,  many 
amphibolites  and  dioritic  rocks  occurring  in  the  same 
district  intimately  associated  with  these  limestones,  but 
which  contain  no  scapolite  whatever.  There  is,  for 
example,  a  great  thickness  of  amphibolites,  interstiutified 
with  crystalline  limestone,  exposed  on  the  north  shore  of 
the  Ottawa,  just  below  the  town  of  Arnprior,  which  we 
examined  some  years  ago  when  on  a  visit  to  that  locality 
for  the  purpose  of  endeavouring  to  discover  the  Scapolite- 
Diorito  in  place.  They  are  all  rather  fine-grained  and 
weather  dark  gray  and  black,  and  have  a  more  or  less  dis- 
tinct foliation.  They  were  followed  for  a  distance  of  about 
five  miles  below  Arnprior,  being  gradually  replaced  by 
quartz  feldspar  rocks.  Like  all  the  other  amphibolites  and 
dioritic  rocks  of  the  district  which  do  not  hold  scapolite, 
when  examined  with  the  naked  eye  the  feldspar  is  seen  to  be 
wanting  in  that  peculiar  bluish- white  tint  characteristic  of  , 
the  scapolite,  and  which  the  Norwegian  geologists  com- 
pared to  wet  snow.  Three  specimens,  collected  respec- 
tively a  quarter  of  a  mile,  two  and  a  quarter,  and  three 
and  a  half  miles  below  Arnprior,  were  sliced  and  exam- 
ined. The  last  of  these  is  traversed  by  little  pegmatite 
veins,  and  under  the  microscope  is  found  to  be  composed 
of  hoi'nblende,  biotite  and  plagiodase,  with  accessories  of 
epidote  and  sphene.  The  hornblende  is  green  in  colour, 
strongly  pleochroic  and  without  any  tendency  to  a  fibrous 
structure.  It  occurs  in  irregular  shaped  fragments,  which 
occasionally  have  an  imperfect  idiomorphic  development, 
and  which  mark  the  lines  of  foliation.  The  biotite,  which 
is  present  in  much  smaller  amount  than  the  hornblende,  is 
brown,  with  the  usual  strong  dichroism  and  parallel  extinc- 
tion. The  plagioclaee  is  generally  twinned,  the  lamelhe 
being  narrow  and  the  twinning  generally  faint.  All  un- 
twinned  grains  which  could  be  found  cut  in  u  direction  at 
right  angles  to  an  optic  axis,  showed  the  revolving  bar  of  a 
biaxial  crystal.  They  polarize  in  rather  dull  tints,  and 
extinguish  simultaneously  over  the  whole  surface,  showing 
little  or  no  evidence  of  having  been  submitted  to  pressure. 
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The  pyrite,  epidote  and  sphene  occur  in  small  amount  in 
little  irregular  shaped  grains. 

The  other  two  specimens  contain  no  biotite,  but  hold  a 
certain  amount  of  quartz,  recognized  .by  the  absence  of 
cleavage  and  decomposition  productt*  and  by  its  uniaxial 
and  positive  character.  The  quartz  grains  are  sometimes 
broken,  but  do  not  show  much  evidence  of  pressure  either. 
The  specimen  collected  about  a  quarter  of  a  mile  below 
Arnprior  contains  a  considerable  amount  of  quartz,  while 
that  from  two  and  a  quarter  miles  below,  holds  less  quartz, 
and  contains,  in  addition  to  the  pyrite,  a  little  magnetite  or 
ilmenite. 

To  sum  up,  therefore,  it  may  be  said : — 

(1)  That  the  Scapolite  Diorite,  which  in  Norway  occurs 
so  intimately  associated  with  the  apatite  deposits,  does  not 
occupy  the  same  relation  to  the  Canadian  deposits. 

(2)  That  its  place  in  Canada  is  taken  by  certain  pyrox- 
enic  rocks  which  have  not,  as  yet,  been  thoroughly  studied. 

(3)  That  Scapolite  Diorite  and  transition  rocks  between 
it  and  gabbro,  identical  with  the  Norwegian  rocks,  do  occur 
in  our  Laurentian  System,  associated  with  amphibolites 
and  crystalline  limestones. 


